A well-controlled recording in a studio is fundamental in most voice rehabilitation. However, this laboratory like recording method has been questioned because voice use in a natural environment may be quite different. In children's natural environment, high background noise levels are common and are an important factor contributing to voice problems. The primary noise source in day-care centers is the children themselves. The aim of the present study was to compare perceptual evaluations of voice quality and acoustic measures from a controlled recording with recordings of spontaneous speech in children's natural environment in a day-care setting. Eleven 5-year-old children were recorded three times during a day at the day care. The controlled speech material consisted of repeated sentences. Matching sentences were selected from the spontaneous speech. All sentences were repeated three times. Recordings were randomized and analyzed acoustically and perceptually. Statistic analyses showed that fundamental frequency was significantly higher in spontaneous speech (P < 0.01) as was hyperfunction (P < 0.001). The only characteristic the controlled sentences shared with spontaneous speech was degree of hoarseness (Spearman's rho = 0.564). When data for boys and girls were analyzed separately, a correlation was found for the parameter breathiness (rho = 0.551) for boys, and for girls the correlation for hoarseness remained (rho = 0.752). Regarding acoustic data, none of the measures correlated across recording conditions for the whole group.
INTRODUCTION
In a clinical setting, problems related to voice function are routinely assessed by perceptual evaluations of voice quality. 1 The most common material for this assessment is a standardized recording, consisting of reading a text aloud, naming pictures or repeating sentences, and sustaining vowels depending on the patient population. The recordings are often carried out in a sound-treated booth aiming at high-quality recordings. Based on these recordings, a perceptual assessment of voice quality along different perceptual parameters is carried out. [2] [3] [4] The result of the perceptual evaluation together with laryngeal status makes up the basis for decisions regarding intervention. Also, improvement in voice quality is one of the primary benchmarks against which treatment outcome is evaluated commonly, assessed by an evaluation along perceptual and acoustic parameters after completed intervention.
A dysfunctional voice may be a serious social and psychological problem for adults 5 and children. 6, 7 Many habits, including vocal habits, are probably established during childhood.
Thus, undesirable vocal habits may originate during early childhood and continue into adult life. 8, 9 This would point to the importance of voice research focusing on child's voice and the treatment and prevention of voice disorders in children. This research also needs to include vocal behavior and vocal demands in children's everyday life.
Recently, the importance of in situ recordings of natural vocal behavior in everyday life situations has been pointed out. [10] [11] [12] [13] In a study of preschool teachers' voices, Södersten et al 14 compared mean fundamental frequency (F0) in a controlled recording to the F0 in the spontaneous speech during work. They found that the mean F0 was higher in the work related recording compared with the controlled condition, indicating that a controlled recording may not reflect mean F0 in spontaneous speech under natural conditions. There are few studies of children's voice use in a natural setting. In a recent study of mean F0 in children's and teachers' voices in a preschool setting, the results showed a significant difference for both children and adults between the recordings of sentences compared with real work/play situations. 15 The findings support the conclusion that controlled setups are not suitable to evaluate F0 values in a natural setting. These findings have also been supported by two studies of preschool-aged children, a case study of a 5-year-old boy 16 and a study comparing F0 in children at play compared with structured situations. 17 The results indicate that studio recordings in a clinical setting need to be complemented by recordings in real-life situations and environments to correctly assess habitual F0 in children.
The question asked in the present study is, does this difference in vocal behavior regarding F0 also apply to other aspects of voice? Thus, children's voice quality, mean F0, and perturbation in a controlled recording were compared with sentences obtained during regular activities at the day-care center (DCC).
METHODS

Subjects
Recordings from eleven 5-year-old children in a previous study on environmental factors contributing to voice problems in children were selected. 18 The children had no history of hearing or speech problems, or frequent ear, nose, and throat infections. No initial survey of voice quality was made. The children attended three DCCs in a city with approx. 135 000 inhabitants at the time of the data collection, situated 200 km south of Stockholm in Sweden. An informed consent form was signed by the parents before the recording of the children. If the children themselves declined participation, no recording was made.
Recording method A binaural recording technique was used to be able to separate the subject's voice from surrounding background noise. 19 A DAT recorder and two omnidirectional electret condenser microphones (TCM 110), AA-video, Linköping, Sweden were used. The microphones were taped to the cheek directly in front of the ears on each child at equal distance from the mouth. The mouth-to-microphone distance varied between 4 and 6 cm. All microphone distances were normalized to 30 cm before analyses. The children were recorded three times during a normal day at the DCC, on arrival, during lunch, and during play in the afternoon. All recordings were gathered by the same test leader. Each recording session started with a calibration of the loudness level. Because of microphone problems, two recordings from a girl had to be discarded leaving a total of 31 recordings.
The children's voices were separated from the background noise using the software Aura (a custom-made program by Svante Granqvist). 19 The resulting data were then separated into several files consisting of background noise, controlled speech, and spontaneous speech, respectively. The mean background noise levels varied between 81.1 and 85.4 dBA.
Speech material
The controlled speech material composed of three short sentences consisting of sonorants only (En blå bil. En gul bil. En röd bil). To reduce effects of imitation of intonation or pitch level, the instruction was ''Can you say a blue car? A yellow car. A red car.'' When the child had done this once, he or she was asked to say it again three times. The last two repetitions were used in the analysis. Each recording started with the repetitions of these short sentences recorded in a silent room at the preschool, the recording then continued with spontaneous speech during their regular daily activities for 45-60 minutes. No instructions were provided regarding specific activities or vocal behavior. All recordings were made indoors.
To compare voice quality in the controlled sentences, short sentences were also selected from each child's separated recordings of spontaneous speech production from the same recording session. The selected spontaneous samples were chosen to be as neutral in loudness and F0 as possible. Thus, sections with shouting or elevated F0 were disregarded to avoid clear differences in speech conditions. No consideration regarding content of the sample was made. Thus a total of 62 samples, 31 of controlled sentences and 31 of spontaneous speech were obtained. The duration of the compared samples was similar.
Perceptual evaluation
The randomized recordings from the repeated sentences and the selected samples from the spontaneous speech for each child were perceptually analyzed by a group of three expert listeners on two separate occasions separated in time by more than 1 year. All three listeners were speech and language pathologists with extensive experience in working with voice disorders for a minimum of 15 years. In the evaluation protocol, all parameters were represented by a 100-mm visual analog scale (VAS) with ''not at all'' and ''a lot'' at the extremes, except for the parameter pitch, represented by a 200-mm line with ''very high'' and ''very low'' at the extremes. 18 The other parameters were hoarseness, breathiness, roughness, hyperfunction, and an open parameter to offer options for the raters, if necessary. Three repetitions of each set of sentences for each condition, controlled sentences or sentences selected from spontaneous speech were presented to the listener on a computer using Sennheiser PX200 headphones. The instruction to the listeners was to assess the three repeated sentences as one sample.
Acoustic measures Acoustic measures F0 and perturbation percent were measured using the software Soundswell signal workstation 4.5 (Saven Hightech). 20 The obtained speech signal was filtered using a high pass filter set at 50 Hz and a low pass filter set at 550 Hz. Maximum F0 was adapted to the highest F0 frequency occurring in the speech sample. Mean and standard deviation (SD) of F0 were calculated from the F0 trend. Also, mean and SD for the perturbation measures were calculated using the software Soundswell. 20 Statistical analysis Statistical analyses were performed using SPSS_Windows version 18.0 (IBM. SPSS Inc, Chicago, IL) and a two-tailed Pearson's or Spearman's rank correlation depending on parametric or nonparametric data. The significance level was set at P ≤ 0.05. Significance for perceptual data was evaluated using Wilcoxon signed-rank test and for acoustic measures a twotailed, pair-wise Student's t test.
Ethical approval Before data collection, ethical approval was received from the Regional Ethical Research Committee at Linköping University, no. 03-173.
RESULTS
Interrater agreement for the perceptual evaluation was calculated using a Spearman's rho correlation. The agreement between judges was satisfactory. For the controlled sentences, the agreement varied between rho = 0.81 and 0.89 for the different parameters with the highest agreement for the parameter hyperfunction. For the spontaneous speech sentences, the agreement was somewhat higher varying between rho = 0.90 and 0.95 with the highest value for the parameter hoarseness. The perceptual evaluation showed overall higher values in the sentences selected from spontaneous speech compared with the controlled conditions for all perceptual parameters (Figure 1 ). This difference was significant for the parameter hyperfunction at P < 0.001 according to a Wilcoxon signed rank test.
Mean F0 for all children was somewhat higher in spontaneous speech compared with the sentences, 306 and 282 Hz, respectively. This difference was significant according to the two-tailed Student's t test (Figure 2 ).
The mean perceptual ratings of the repeated sentences and the selected sentences from spontaneous speech for all children showed a correlation across speech conditions only for the parameters hoarseness according Spearman's rho (Table 1) . When separating the recordings of boys and girls, the correlation across speech conditions for hoarseness remained for girls but for boys the parameter breathiness reached significance (Table 2) .
Regarding the acoustic measures, mean F0 and perturbation percent, no correlation was found across speech conditions for the whole group. When analyzing data for boys and girls separately, still no correlation was found for F0, but for perturbation a correlation was found for both boys and girls according to Pearson's correlation. For girls, the correlation was dependent on one value. When this outlier was removed, the correlation disappeared (Table  3) .
DISCUSSION
In the present study, the relationship between acoustic measures and a perceptual evaluation of controlled recordings of repeated sentences, and sentences selected from spontaneous speech were investigated. The data were obtained from recordings of 11 children on the same day and in the same environment. Selected samples were chosen to be as similar as possible. Thus, sections with shouting or obviously elevated F0 were disregarded to avoid clear differences in the compared samples. Comparisons included F0, perturbation in percent, and also perceptual measures of voice quality. Previous studies have mainly focused on comparing changes in F0 in a controlled recording compared with spontaneous speech. [14] [15] [16] [17] Results showed that when analyzing all children, there was a correlation between perceptual voice quality in a controlled recording compared with spontaneous speech for the parameter hoarseness. Hoarseness has previously been found to be a stable concept in children's voice quality both for professional raters and laymen. 21, 22 This study corroborates these findings. However, when analyzing the group according to gender a slightly different pattern emerged. For boys, the controlled sentences were representative of vocal behavior in spontaneous speech for the parameter breathiness only. For girls, the correlation for hoarseness remained. This seems to indicate that a breathy voice is a more constant vocal characteristic in boys' voices, a feature not influenced by changes in F0 or vocal loudness. In adult's voices, breathiness is regarded as a key characteristic of the female voice. 23, 24 However, in children's voices it is a common characteristic in both boys' and girls' voices. 22 It is possible that the present finding could be related to vocal fatigue or the presence of a slight vocal fold edema in some of the recorded boys. Regrettably, these speculations cannot be confirmed because laryngeal inspection was not carried out at the time of the recording.
Regarding acoustic measures, the findings showed that mean F0 was lower in the controlled sentences compared with the spontaneous speech. This is in accordance with previous studies on F0, indicating that a controlled setup is unfit to evaluate F0 values in real-life situations. [14] [15] [16] [17] Higher F0 values in spontaneous speech are likely because of an increase in vocal loudness 24, 25 that in turn may be related to increased background noise. 18, 26 The preschool environment is often noisy. 14, 18 This was also true for the three preschools in the present study varying between mean values of 81.1 and 85.4 dBA, both values above 80 dBA, where noise reductive actions are required according to Swedish work environmental regulations (AFS 2006). However, children and their activities are the primary noise source in preschools. In a previous study on noise and voice characteristics in a preschool setting, a link was found between high background noise levels and higher ratings on perceptual voice quality measures in children. 18 For the perturbation measure, a correlation was found between the two speech conditions for the boys. For girls, the correlation was dependent on one outlier value. When this value was removed, the correlation disappeared. However, both perturbation values for this girl were higher than for the other children indicating a somewhat dysfunctional voice. The perceptual evaluation showed fairly high ratings of hoarseness.
Perceptual and acoustic evaluations based on voice recordings in a natural setting are often limited in the analysis because of background noise. This has lead to the development of different portable voice accumulators. 11, [27] [28] [29] The aim of portable voice collectors is to obtain representative samples of voice use in a natural setting and holds the potential to increase our knowledge of natural vocal behavior in both patients and the vocally healthy. For patients, these recordings can provide clinicians with important additional information on conditions and demands influencing spontaneous vocal behavior and vocal loading.
CONCLUSION
The evaluation of voice quality, F0, and perturbation in standard sentences and sentences selected from spontaneous speech was compared. A total of 62 samples from 11 children were analyzed. Data showed a correlation between the standard sentences and sentences selected from spontaneous speech for the voice quality parameter hoarseness only. F0 was significantly higher in spontaneous speech. For boys, there was a correlation across speech tasks for the parameters breathiness and perturbation (%) and for girls for hoarseness. The findings suggest that controlled recording conditions may be unsuitable to approximate children's vocal behavior in a natural setting. Table 1 . Correlations between the mean perceptual ratings of repeated sentences and spontaneous speech for all children according to a correlation using Spearman's rho. 
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